Background: Evidence from prospective epidemiologic studies and animal models suggests that intakes of dietary fats and copper may be associated with neurodegenerative diseases.
Conclusion:
These data suggest that high dietary intake of copper in conjunction with a diet high in saturated and trans fats may be associated with accelerated cognitive decline.
Arch Neurol. 2006; 63:1085 -1088 E VIDENCE FROM PROSPECTIVE epidemiologic studies 1,2 and animal models 3 suggests that dietary fat intake may be associated with cognitive decline. In previous studies, we observed an increased risk of incident Alzheimer disease 2 and cognitive decline 1 among persons whose diets were high in saturated and trans fats and low in unhydrogenated unsaturated fats. In humans, this type of fat composition results in an unfavorable blood cholesterol profile. 4 A recent animal study 5 found that neurodegenerative changes caused by a hypercholesterolemic diet may be exacerbated by consumption of trace amounts of copper in drinking water. Copper, zinc, and iron are essential for normal brain functioning and development. However, dyshomeostasis of these metals is thought to play a central role in the formation and neurotoxicity of amyloid-␤ (A␤) and neurofibrillary tangles. [6] [7] [8] In this investigation, we tested the hypothesis that persons who have high copper consumption in conjunction with a diet high in saturated and trans fats are at increased risk of cognitive decline.
METHODS
A total of 6158 community residents (overall response, 78.9%) 65 years and older, who were all participants in the ongoing Chicago Health and Aging Project (CHAP), 9 participated in home interviews that included cognitive testing. Participants completed a food frequency questionnaire (FFQ) a median of 1.2 years after baseline. Reassessments of cognitive function were conducted at 3-year and 6-year follow-up interviews. The institutional review board of Rush University Medical Center approved the study, and all participants gave written informed consent.
Diet was assessed with a modified Harvard FFQ. 10 Daily nutrient intake was computed by multiplying the nutrient content of specified foods and vitamins by frequency of consumption and summing over all items. All nutrients were energy adjusted using the residual regression method. 11 We created an indicator variable to identify persons whose dietary intake of saturated fat was in the top 20% and whose intake of trans fat was in the upper 60%. These a priori, arbitrarily defined levels were guided by our previous studies of fat intake and risk of Alzheimer disease 2 and cognitive decline. 1 In a validity study of CHAP participants, Pearson correlations between total intake levels on the FFQ and multiple 24-hour dietary recalls were 0.46 for copper, 0.50 for zinc, and 0.43 for iron.
Interviewers administered 4 cognitive tests at each interview: the East Boston Tests of Immediate Memory and Delayed Recall, 12 the Mini-Mental State Examination, 13 and the Symbol Digit Modalities Test. 14 We computed z scores for each test using the means and standard deviations from the baseline study population and averaged these into a single global measure.
A total of 4390 participants (88% of the surviving participants) completed at least 2 cognitive assessments and an FFQ, of whom we eliminated 217 who had a potentially invalid FFQ and 460 who completed the FFQ more than 2.5 years after baseline. Therefore, 3718 persons were analyzed, with a median follow-up of 5.5 years.
The cognitive activity score was derived from a composite measure of frequency of participation in 7 cognitive activities. Physical activity was based on participation in 9 activities (hours per week). Heart disease was determined by history of myocardial infarction or use of digitalis. Hypertension was determined by self-report or a measured systolic blood pressure of 160 mm Hg or higher or diastolic blood pressure of 95 mm Hg or higher. Stroke history was determined through self-report. Diabetes mellitus was determined either by self-report or use of antidiabetic medication.
We used mixed-effects 15 models with SAS statistical software (SAS Institute Inc, Cary, NC) to estimate risk factor associations with cognitive change. The model accounts for correlations among the cognitive scores within persons and controls for overall level of cognitive ability. Before the analyses, we determined the best model of the covariates by considering nonlinear associations and interactions among covariates. Coefficients were multiplied by a factor of 100.
RESULTS
Cognitive scores declined on average by 4.2 standardized units per year (SU/y). Persons with high copper intakes were more likely to have healthy lifestyle behaviors and higher cognitive ability (Table 1) .
Overall, dietary intakes of copper, zinc, and iron were not associated with cognitive decline after adjustment for *The ␤ coefficients were multiplied by 100. †Age-adjusted models included terms for copper, zinc, and iron (in milligrams per day), age, age squared, time (in years) of observation, and interaction terms between time and each covariate.
‡Multiple-adjusted models included terms from the age-adjusted model plus sex, race, education (in years), cognitive activities, physical activities, alcohol consumption (in grams per day), stroke, heart disease, hypertension, diabetes mellitus, vitamin E in food (in milligrams per day), total vitamin C (in milligrams per day), niacin in food (in milligrams per day), total folate (in micrograms per day), saturated fat (in grams per day), trans fat (in grams per day), and polyunsaturated fat (in grams per day). multiple confounders ( Table 2) . However, consistent with our hypothesis, among the 604 persons (16.2%) who consumed a diet high in saturated and trans fat, a faster decline was seen with higher copper consumption ( Table 3) . There was a 143% increase in the decline rate (a difference of 6.14 SU/y; PϽ.001) among persons in the highest quintile of total copper intake (median, 2.75 mg/d) compared with those in the lowest quintile (median, 0.88 mg/d) in the multiple-adjusted model. No association was seen with copper intake among persons who had low consumption of these fats. A similar, although weaker, association was observed with copper intake from food sources only (Table 3) . We examined copper interaction effects with intakes of saturated fat (highest 20% of intake vs lower 80%) and trans fat (highest 60% vs lower 40%) individually; however, neither interaction was as strong as the combined high-fat variable. The interaction with a high-fat diet was specific to copper intake and was not apparent with intakes of zinc or iron. In addition, no interaction effects were found between copper intake and dietary cholesterol or other types of fat.
In further analyses, we investigated the relationship according to copper dose in vitamin supplements (consumed by 602 persons [17%]), in which nonsupplement users were analyzed with a vitamin dose of 0. Higher copper dose was strongly associated with cognitive decline in the high-fat group (−3.39 SU/y per milligram per day of copper; PϽ.001) in the multiple-adjusted model that was also adjusted for copper intake from food, but there was no association in the low-fat group.
The multiple-adjusted estimates of effect for the copperfat interaction changed little and remained statistically significant (rate difference for the fifth quintile=−6.08; P=.001) when we reanalyzed the data after excluding 1012 persons who reported fair or poor health. The relationship became stronger when we excluded persons in the lowest 15% of baseline cognitive scores (multipleadjusted rate difference for the fifth quintile = −7.25; PϽ.001).
COMMENT
In this large community study, high copper intake was associated with a significantly faster rate of cognitive decline but only among persons who also consumed a diet that was high in saturated and trans fats. The increase in rate for the high-fat consumers whose total copper intake was in the top 20% (Ն1.6 mg/d) was equivalent to 19 more years of age.
In previous CHAP analyses, persons with high intakes of either saturated or trans fats experienced 2 to 3 times the risk of incident Alzheimer disease 2 and faster rates of cognitive decline. 1 The strong statistical interaction observed in this study between these fats and copper intake is in accord with the animal model of Sparks and Schreurs, 5 in which rabbits fed a hypercholesterolemic diet had increased A␤ pathologic features and learning deficits compared with controls. Further addition to the hypercholesterolemic diet of trace amounts of copper (0.12 mg/L) in distilled drinking water induced substantial accumulation of A␤ and deficits in memory acquisition. Sparks and Schreurs 5 hypothesized that dietary copper may interfere with clearance of A␤ from the brain and may further promote A␤ accumulation that results from elevated cholesterol levels. Diet-induced hypercholesterolemia has been shown to increase the formation and progression of A␤ plaques in the brain. 16 Copper has been shown to interact adversely with A␤ peptide, causing its aggregation and the production of hydrogen peroxide, 17 a potent oxidant and neurotoxin. In phase 1 and 2 clinical trials, copper-chelating agents reduced oxida- tive stress in patients with Alzheimer disease and slowed cognitive decline compared with placebo. 18 In several casecontrol studies, patients with Alzheimer disease were distinguished by high serum copper levels compared with patients with vascular dementia 19 or mild cognitive impairment 20 or with cognitively healthy individuals. 21 A limitation of our study is the potential for inaccurate measurement of dietary copper, because the copper content of plant foods depends on the soil and this varies by region. It is unlikely that this limitation can account for the study findings, which were strongest for copper intake from multivitamins. It is also unclear to what extent copper water pipes contribute to the level of intake from tap water. However, the absence of data on copper intake from water and other sources would likely result in random error and thus bias the estimates of effect toward the null.
The observational study design of CHAP limits causal interpretation. In addition, the analyses were an extension of earlier findings of dietary fat associations with cognitive decline, which has the disadvantage of multiple comparisons and greater likelihood of chance findings. Several points argue against chance or confounding as explanations, however, including significance levels of PϽ.001, the extraordinarily large estimate of effect (the equivalent of 19 more years of age) even after adjustment for numerous lifestyle factors, and the fact that the copper-fat interaction was our a priori hypothesis. Furthermore, the associations between high copper intake and both higher education and cognitive activity argue against unrecognized confounding as an explanation.
Organ meats and shellfish are the richest food sources of copper. The more abundant plant sources include nuts, seeds, legumes, whole grains, some fruits, potatoes, and chocolate. The current recommended dietary allowance for copper intake for adults is 0.9 mg/d. However, CHAP did not find that high copper intake alone was related to cognitive decline.
This finding of accelerated cognitive decline among persons whose diets were high in copper and saturated and trans fats must be viewed with caution. The supporting evidence on this topic is limited. The strength of the association and the potential impact on public health warrant further investigation. 
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